Background: Reproductive factors are among the most well-established risk factors for breast cancer. However, their associations with different breast cancer subtypes defined by joint estrogen receptor (ER)/progesterone receptor (PR)/HER2 status remain unclear.
Introduction
Reproductive factors are among the most well-established risk factors for breast cancer. In meta-analyses evaluating breast cancer overall, there is a reduced risk of 4% to 9% per year delay in menarche, 7% for each additional birth, and 4% for every additional 12 months of breast feeding, but an increased risk of 3% to 5% per year increase in age at first birth (1, 2) .
However, it is now recognized that the major molecular subtypes of breast cancer, defined by patterns of gene expression (3, 4) or joint tumor marker expression (5) , have unique biologic features and also exhibit distinct clinical profiles and outcomes. The molecular subtypes based on marker expression include: triple-negative tumors (TN) which lack expression of the estrogen receptor (ER), progesterone receptor (PR) and HER2-neu (HER2) and widely overlap with the basal-like phenotype; HER2-overexpressing tumors (H2E) which are ER À /HER2 
/HER2
À . TN and H2E tumors are well known to have a poorer prognosis than the more common luminal A and luminal B subtypes (5) (6) (7) . Reproductive factors are hypothesized to influence breast cancer risk primarily through hormonal pathways (8, 9) , as supported by increasing evidence that these risk factors, with the exception of breast feeding, seem to be most associated with luminal (i.e., ER þ ) breast cancer subtypes (10) (11) (12) (13) . Relatively few studies (12, (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) have assessed the role of reproductive factors on risk of different molecular subtypes of breast cancer. Many have been limited by the inclusion of small numbers of TN and H2E cases, resulting in limited power to detect variability in the associations and partly explaining some inconsistencies in findings. Although TN and H2E subtypes disproportionately affect African American and Hispanic women in addition to other medically disadvantaged populations (5, 24) , prior studies have included mostly non-Hispanic women and only one prior study evaluated reproductive differences in relation to tumor subtypes exclusively among Hispanic women (25) . Given pronounced differences in reproductive factors by race/ethnicity (e.g., fertility rates of 72.9 vs. 64.6 vs. 58.7 per 1000 women of child bearing age and mean ages at first birth of 24.0 vs. 23.9 vs. 26.8 years for Hispanic, African American, and non-Hispanic white women in the United States, respectively; ref. 26 ), variations in risks of different breast cancer subtypes associated with reproductive factors could to some extent account for the different frequencies of aggressive breast cancer subtypes observed across populations. Here we present results from a study focused on characterizing the associations between various reproductive factors and risk of different breast cancer subtypes among multiethnic women.
Materials and Methods
We conducted a population-based case-case study of different breast cancer subtypes defined by joint ER/PR/HER2 expression. Potentially eligible cases were identified through the population- 
Data collection
Detailed medical record abstractions collecting information on a wide range of demographic, epidemiologic, and clinical factors using the same protocol and instrument were conducted by trained study staff at both study sites. For quality control purposes, a random 10% sample of completed abstracts were exchanged between study sites for review and editing in order to insure consistency in abstracting approach, methodology, and coding. Medical records were sought from various sources including oncology and primary care practices to ascertain complete information on breast cancer tumor characteristics and established breast cancer risk factors, including reproductive history (e.g., parity, number of full-term pregnancy, and age at first full-term pregnancy), menopausal status at diagnosis, body mass index, first-degree family history of breast cancer, smoking status, use of menopausal hormone therapy (HT), and use of oral contraceptive (OC) use. At the Seattle site only, selfreported data through interviewer-administered structured telephone questionnaires were used to supplement medical record data. In addition to being queried on a number of breast cancer risk factors, women were specifically asked questions pertaining to age at menarche and their breast feeding history as these reproductive factors could not be consistently obtained from medical records.
Statistical analysis
Polytomous logistic regression was used to simultaneously estimate ORs and their associated 95% confidence intervals (CI) comparing a particular aspect of reproductive history across the four cases groups included. In all analyses, luminal A cases served as the reference comparison group because it is the most common breast cancer subtype. P trend values were calculated by using continuous variables. All analyses were adjusted for age at diagnosis (in 5-year categories), year of diagnosis (as continuous), and study site as cases were frequency matched on these factors. None of the other potential confounders listed in Table 1 changed our risk estimates by more than 10% when individually assessed and so none was adjusted for in our final models. We also evaluated age, menopausal status, and ethnicity as potential effect modifiers of associations with parity, age at first birth, and breast feeding using log likelihood ratio tests. None of these interactions were statistically significant at P < 0.05. All analyses were conducted using Stata/SE version 11.2 (StataCorp LP).
In all analyses, data collected from medical records were prioritized over self-reported data. Of note though, the correlation between these two sources was quite high for parity (%agreement ¼ 99.5%, k ¼ 0.99), number of full-term pregnancies (%agreement ¼ 96.4%, k ¼ 0.95), age at first birth (categorized <20, 20-24, 25-29, and 30þ, %agreement ¼ 90.3%, k ¼ 0.87), menopausal status (%agreement ¼ 96.3%, k ¼ 0.93), and age at menopause (categorized as <45, 45-54, and 55þ, %agreement ¼ 79.7%, k ¼ 0.57). We performed sensitivity analyses restricted to using only medical record data and demonstrated that study results did not change materially with this restriction (data not shown).
Results
Compared with other subtypes, women with luminal A cancers were somewhat more likely to be current users of estrogen þ progestin HT and OCs (Table 1) . Luminal B cases were somewhat younger, more frequently Hispanic, premenopausal and having a normal weight, and less likely to have private health insurance than women with other subtypes. TN cases were somewhat more frequently African American, obese, and ever users of menopausal HT and OCs. Women with H2E tumors were more likely to be never users of OCs than other case groups. Selected patient characteristics and frequencies of reproductive factors were examined by race/ethnicity (Table 2) . Hispanic white women were mostly from the New Mexico site, and somewhat more likely to be uninsured, to be parous, and to have ever breast-fed a child than women of other races/ethnicities. African American women were more likely to have had three or more full-term pregnancies, to have first pregnancy at age 20 years or younger, to have menopause at <45 years of age, and to have never breast fed. Asian Pacific/Islander women were somewhat more likely to have first birth at age 30 years or older, and to have menopause at age !55 years. Native American/Alaska Native women were more likely to be insured through Medicaid or Medicare then other groups. In comparison, non-Hispanic women were somewhat more frequently postmenopausal, privately insured, and nulliparous than women in the other groups. Compared to luminal A cases, parous women had a 43% increased odds of H2E breast cancer relative to nulliparous women (Table 3) . However, the trends with increasing number of full-term pregnancies were not statistically significant among parous women. Parity was not associated with odds of the other breast cancer subtypes. Age at first birth and age at menopause were only differentially associated with odds of TN breast cancer with odds decreasing as age at first birth and age at menopause increased (P trend ¼ 0.003 and 0.024, respectively).
Among Seattle-Puget Sound cases with interview data, we examined additional reproductive factors including age at menarche and breast feeding history (Table 4) . Although no differences across breast cancer subtypes were observed with 
Discussion
We observed notable differences in the associations between several reproductive factors and different breast cancer subtypes.
Despite the consensus that increasing parity is associated with reduced risk of breast cancer overall (1), results from prior studies have been inconsistent with regard to the relationship between parity and the less common subtypes of breast cancer. A higher risk of TN cancers for parous women relative to nulliparous women was observed in some studies (15, 20, 22) , whereas others found no association between TN cancers and parity (12, (16) (17) (18) 21) . However, two out of the five studies with null findings failed to observe an association for parity with any breast cancer subtype including luminal A tumors (12, 18) , suggesting the possibility of Number in columns may not add up to the total number of cases due to missingness in these variables. ORs were adjusted for reference year, age at reference date, and study site. b Statistically significant at P < 0.05. Restricted to women who ever had a full-term pregnancy. d Restricted to postmenopausal women with known age at menopause. lack of power. Among seven studies (15-20, 25, 29) that performed case-case comparisons including the only study focusing on Hispanic women (25) , three observed differences in risks between TN and luminal A tumors (15, 18, 29) , but none have observed differences across H2E or luminal B subtypes. Here we found that parity appeared to be differentially associated only with risk of H2E breast cancer, a result which has not been previously observed. Of note, our sample size of H2E cases is substantially larger than any of these prior studies (N ¼ 493 vs. 33-265), but this finding requires confirmation in other studies. With respect to age at first birth, earlier case-control or cohort studies either did not find it to be associated with risk across breast cancer subtypes (11, 12, 17, 18, 30) or only positively associated with risk of luminal A cancers (13, 16, 18, 20, 31) . We confirmed two recent studies with case-case comparisons which found that later age at first birth is associated with a lower risk of TN cancers relative to luminal A cancers (19, 25) , although four other casecase studies (TN case number ranging from 143 to 307) did not find differential risk for TN associated with age at first birth compared with luminal A subtype (16) (17) (18) 20) . Similarly, age at menopause was reported to be only positively associated with luminal cancers relative to cancer-free controls (12, 17, 18, 20) with no differences in risks seen across case subtypes (17, 18, 20) . Again, of note our sample size of TN cases is substantially larger than any of the prior studies (N ¼ 1,294 vs. 77-611). The potential biologic mechanisms underlying these associations are unknown and require further investigation.
Several prior studies have observed that breast feeding is associated with a reduced risk of TN breast cancer compared to cancer-free controls (12, 16, 18, 19) . Results from our study and two (16, 19) out of seven (15, 16, 18-20, 25, 29) previous studies with case-case comparisons suggest that the potential protection against TN cancers conferred by breast feeding may be even bigger than that for luminal cancers. So our finding adds to the growing evidence that breast feeding is the most consistently identified potentially modifiable risk factor for TN disease. However, ours is the only study to observe an elevated risk of luminal B cancer associated with breast feeding. Larger prior studies (case number ranging from 72 to 321) that assessed the relationship between breast feeding and luminal B breast cancer were generally null (15, 16, 18) and a smaller study with 36 luminal cases reported a reduced risk (29) . Our finding thus should be interpreted with caution given it was based on 57 luminal cases.
Reproductive factors are thought to influence risk of breast cancer through their downstream effect on women's endogenous hormone levels (8, 9) . Many aspects of reproductive and menstrual history, including age at menarche, age at first birth, age at menopause, parity, and duration of breast feeding, have a strong impact on the number of women's lifetime menstrual cycles and hence the cumulative exposure to endogenous ovarian hormones. As ovaries produce almost all endogenous estrogens in premenopausal women, it is plausible that low parity and later age at first birth may be associated with increased risk of luminal cancers but not TN or H2E cancers. However, it is unclear why the differential associations with luminal A versus TN or H2E subtypes were not seen for other aspects of reproductive factors such as age at menarche. Reproductive factors may also influence breast cancer risk through nonhormonal mechanisms. Breast tissues of parous women experience structural change and differentiation that would never occur among nulliparous women and breast tissues are further differentiated after breast feeding. It is unclear why the specific changes induced by breast feeding may be even more protective for TN breast cancer, but the additional confirmation of this relationship observed here should motivate future work as understanding the mechanisms involved could inform both prevention and treatment strategies specific to TN breast cancer.
The primary limitation of this study relates to its case-case design, where we compared less common breast cancer subtypes to luminal A cancers. With this approach we cannot directly estimate the true risks these factors bear relative to a cancer-free population. However, the associations between reproductive factors and breast cancer overall have been extensively studied and large pooled and meta-analyses (1, 2, 32, 33) have been conducted providing us with highly reliable estimates of the impact of these factors on overall risk. So a case-case design enables efficient evaluation of etiologic heterogeneity across breast cancer subtypes. We relied primarily on data from medical records, and the high agreement between data from two sources and the fact that results remained unchanged when restricting to medical records data only provides some reassurance that this bias likely had limited impact on our findings. Although data on breast feeding and age at menarche were exclusively from interviews, it is unlikely women would differentially recall these factors according to their breast cancer subtype. There is also some potential misclassification of our case groups given that ER, PR, and HER2 data were ascertained from the various laboratories and clinics that serve our catchment areas and so some variation in laboratory protocols and assays are expected. However, it is unlikely that this misclassification would be differential according to the reproductive factors assessed. Although this study included more Hispanic women than most previous studies on this topic, the numbers of cases with specific subtypes were still too small for analyses stratified by race/ethnicity.
The poorer prognosis of TN and H2E breast cancers and their disproportionately burden on Hispanic women and other medically disadvantaged groups makes it critical to identify factors that differentially influence the development of these two subtypes. Modifiable risk factors such as breast feeding, if its etiologic role on TN cancers is confirmed, are of great public health significance which may inform prevention strategies to help close the gap in breast cancer survival across racial/ethnic groups due to differential occurrence of breast cancer subtypes.
The potential detrimental effects of increasing parity, early age at first birth, and age at menopause, and never breast feeding in relation to H2E and TN breast cancers may partly explain the racial/ethnic differences in the occurrence of different breast cancer subtypes. Studies have consistently observed that the incidence rates of both TN and H2E breast cancer are higher in African American and Hispanic women (24, 34) . Although we were limited by the sample sizes of African American and Hispanic women to detect variations in these relationships across race/ethnicity, it is well documented (26) and also observed in our study that African American and Hispanic women tend to have more births and have a first birth at a younger age and that African American women are less likely to breast feed for long durations (with one study showing that 12.5% of African Americans breast fed for 12 months or longer compared to 24.3% of whites; ref. 35) . Thus, the different distributions of these reproductive factors, in addition to potential differences in biologic or genetic susceptibility, may to some extent account for the disproportionate burden of these aggressive breast cancer subtypes observed among African American and Hispanic women.
